ABSTRACT
INTRODUCTION
Type 1 diabetes mellitus is an organ-specific autoimmune disease in which the insulin-producing beta cells in the pancreatic islets are selectively eliminated resulting in decreased production of insulin and consequently increased levels of blood glucose (1, 2) . Damage to the target organs in organ-specific autoimmunity can occur as the result of direct cellular damage by humoral or cell-mediated mechanisms or by stimulating autoantibodies or blocking autoantibodies (3).
There is overwhelming evidence that an association exists between smoking and a number of pathological conditions. Therefore, fetal growth not only impacts the outcome of the perinatal period, but also impacts adult well-being. Effects of nicotine are seen in every trimester of pregnancy, from increased spontaneous abortions in the first trimester, to increased premature delivery rates and low birth weight in the final trimester (4, 5) . Smokers are exposed not only to nicotine, but also to a vast array of chemicals that are known to be harmful, including nicotine and carbon monoxide, the two main toxic substances. Smoking throughout pregnancy, caffeine and alcohol consumption may increase the risk of spontaneous abortion (6, 7) .
Pregnancy in women with type 1 diabetes mellitus is associated with increased risk of maternal, perinatal, and neonatal complications (8, 9) . Several previous studies link maternal smoking during pregnancy with intentional and mild cognitive difficulties in children (10, 11) . Furthermore, mothers who smoke cigarettes while pregnant have an additional risk of ~40% to 50% of having children with attentional and cognitive difficulties (12) .
As there are no studies on the role of toxic tobacco components in the direct immune mechanisms or diabetic complications, the answer to the question whether the changes observed result from adaptative or cytotoxic processes remains an important and under investigated area of study. It was our objective to test the hypothesis that, in women with type 1 diabetes, smoking consumption during pregnancy are associated with an increased risk of immunopathological interaction outcomes.
MATERIALS AND METHODS
Anti-human IgA (IgG, IgM) antiserum (raised in rabbit), human IgA (IgG, IgM), rabbit anti-human IgA (IgG, IgM) conjugated to horseradish peroxidase (HRP), donkey anti-rabbit IgA conjugated to HRP, tetramethylbenzidine were purchased from Sigma (Sigma-Aldrich Company Ltd., UK) and all other chemicals were supplied from BDH (VWR International Ltd., UK).
Subjects
The study population consisted of 35 healthy women with normal deliveries (group 1) as a control group, 35 non-smoking pregnant women with type 1 diabetes (group 2) and 35 smoking pregnant women with type 1 diabetes (group 3) were used for analysis of IgA, IgG and IgM levels by ELISA. All groups were age matched (range 20-29 years). Patients, had no clinical or laboratory findings indicating infection or other diseases such as rheumatoid arthritis or viral infection. Group 3 were of women smoking 10-20 cigarettes a day for at least 5 years also during pregnancy. Cases in both group 2 and 3 were defined as women with a live fetus in gestational week 6-16. Glycaemic control early in pregnancy was good in most women and folic acid supplementation was adequate. We excluded other women because of first trimester spontaneous abortion, diagnosis of type 2 or secondary diabetes, or loss to follow up.
We recorded maternal characteristics (age, marital status, alcohol use, smoking and habits), duration of diabetes and treatment of diabetes (continuous subcutaneous insulin infusion or multiple insulin treatment, human insulin or analogue (lispro) insulin). The study had the approval of the local ethical committee and informed consent was obtained from all subjects. All sera were collected within four months and stored in small aliquots at -20 o C until tested under code.
Human immunoglobulin measurement by ELISA
Coating antibody [anti-human IgA (IgG, IgM) antiserum] was diluted 1 in 1000 in 1x coating buffer (0.02 M Tris-HCl, 1.5 M NaCl pH 9.0) and 100 Pl was added to each of the wells of a microtiter plate (13, 14) . After overnight incubation at 4 o C the plate was washed 4 times with PBST20 (0.1% (w/v) [Tween 20 in 1x PBS (phosphate buffered saline; 0.25 M NaCl, 0.0268 M KCl, 0.081 M Na 2 HPO 4 and 0.0146 M KH 2 PO 4 )]. Sites unoccupied by antibody were blocked by addition of 5% (w/v) Marvel (dried skimmed milk) in PBS for 1 h at room temperature followed by washing 6 times with PBST20. The human serum samples were initially diluted 1 in 2000 in 1x PBS, and 2 fold serial dilutions subsequently performed on the plate. Diluted samples were allowed to bind to the first antibody and the plate was then washed 6 times in PBST20.
Rabbit anti-human IgA (IgG, IgM) conjugated to HRP (second antibody) was diluted 1 in 1000 in 1x PBS, 100 Pl was added to each well of the microtiter plate, incubated at room temperature for 1 h and then washed 6 times in PBST20. The amount of bound second antibody was determined by adding 200 ìl of the substrate solution (tetramethylbenzidine 6 mg/ml in 0.1 M sodium acetate buffer pH 6.0) to each well. After incubation, in the dark at room temperature for 20 min, the reaction was stopped by adding 50 ìl of 10% (w/v) H 2 SO 4 to each well after that the absorbance was measured at 450 nm. A standard curve was constructed by plotting absorbance against concentration for the standard solutions and the concentration of immunoglobulin (mg/ml) in the samples was determined.
Statistical Analysis
After tabulating the data, the arithmetic mean for each group was calculated. The variation or variability in each group was represented by the standard deviation (SD). The means of the groups were compared to see if the differences were significant. Student's t-test was used to assess the significance of the difference between groups.
RESULTS
Results showed that smoking diabetic women of group 3 have a lower level of serum IgG and IgM compared to normal women in group 1. In addition, non-smoking diabetic women of group 2 have a higher level of serum IgA, IgG and IgM compared to group 1. The quantitative analysis of serum IgA, IgG and IgM level (mean ± SD) found that group 2 had a mean level of IgA, IgG and IgM (3.47 ± 0.85,10.97 ± 0.90 and 2.05 ± 0.27 mg/ ml, respectively) higher than group 1 (2.80 ± 0.41, 9.33 ± 0.84 and 1.66 ± 0.34 mg/ml, respectively). These represented significant increases in IgA, IgG and IgM level in non-smoking diabetic sera of group 2 compared to group 1 (p<0.0004, p<0.0001 and p<0.0002). On the contrary, the mean levels of IgG and IgM in smoking diabetic sera of group 3 were (8.07 ± 0.85 and 1.31 ± 0.19 mg/ml, respectively) lower than group 1. These represented significant decreases in IgG and IgM level in diabetic sera of group 3 compared to group 1 (p<0.0001 and p<0.0001). Analysis of the obtained results for smoking diabetic women showed significant increases in IgA level (3.33 ± 0.77 mg/ml, p<0.003) compared to normal individuals of group 1. Average values of the parameters examined together with standard deviation are shown in Fig. 1, 2 and 3 .
DISCUSSION
A high number of immune abnormalities, both humoral and cellular, occur either transiently or permanently in type 1 diabetes (15) . Despite this abundance of reports, most researchers consider that whether the role of immunological factors is primarily pathogenetic, co-causative, secondary or simply chronologically associated to pathogenetic events has not been definitively answered (1, 16) . Our finding of low levels in both IgG and IgM in smoking pregnant diabetic sera, leading to humoral immune abnormalities in immunoglobulin estimation by ELISA, represents a move in this direction.
Concentrations of immunoglobulins in serum are affected by tobacco smoking. A series of large studies have shown lower serum levels of IgG in smokers than in non-smokers. The precise mechanism(s) by which smoking affects serum immunoglobulin levels and the component(s) of cigarette smoke responsible for the effect have not been clarified (17) . However, evidence of a smoke-response relationship, with lower levels of IgG with increased smoking, has been presented (18) (19) (20) (21) . In this study, we found another smokeresponse relationship with lower levels of IgM in diabetic pregnant women.
A major problem when discussing immunoglobulin class and subclass deficiency is the lack of a generally recognized definition of what is meant by "deficient", partly due to the wide range of subclass levels in normal subjects. Several large studies have shown that the frequency distributions of IgG subclasses in healthy adults are skewed, with the possible exception of IgG1, (22) (23) (24) which was also true in our study (data not shown). ELISA measurements showed that non-smoking diabetic women in group 2 had a higher level of serum IgA, IgG and IgM compared to normal women in group 1. The dramatic increase determined by ELISA was expected due to diabetic complications in support to previous studies (26) (27) (28) . It has been estimated that exposure to environmental tobacco smoke in pregnancy results in birth weight reduction by approximately 20-30g (29, 30) . Maternal cigarette use during pregnancy was associated with a significantly elevated risk of having a newborn with a congenital digital abnormality (31, 32) . In addition, cigarette smoking is established as the major environmental risk factor for low lung function (33) . We hypothesized that exposure to cigarette smoke (either personal smoking or environmental tobacco smoke) could potentially interact with spurious immuno-precipitation, as well as a circulating immunoglobulin which is capable of binding other autologous immunoglobulins may well interact with other immune factors, thus participating in the complex immunopathological events which occur in type 1 diabetes mellitus.
In conclusion, this study indicates the risk factor of tobacco smoking on humoral immune response in pregnant women with insulin dependent diabetes that in turn has a terrible consequence on fetus and may increase the risk of spontaneous abortion. However, further studies are needed to clarify the most vulnerable periods of pregnancy and the role of individual pollutants, and to examine whether the impaired reproductive outcomes have any long-term consequences on child health.
